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Abstract 
Social and industrial progress has been historically linked to water resources availability and management. Although water is a 
renewable resource, water scarcity and water resources degradation are, nowadays, worrying issues in many countries such as 
Spain. The implementation of the EU Water Framework Directive has not been straightforward in Spain because, while some 
actions have proved their usefulness, others seem to have been counterproductive. Relevant changes are taking place in Spain to 
achieve sustainable water resources management, both in quantity and quality. Spanish universities offer a wide range of 
specialized training at master and degree level related to sustainable and integrated water management from different 
perspectives: technical, social, environmental and energy-related. This paper presents and summarizes different studies related to 
water resources in Spain, according to their competencies and professional skills, in order to provide recommendations on the 
training of future managers in this country. According to the information gathered, a European Master of Water Resources 
Management is recommended as a way of summarizing and standardizing current knowledge in water disciplines in Spain. 
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1. Introduction 
 
 Water resources influence the economic development of countries and regions. Knowledge of water resources is 
broad and interdisciplinary and, thus, different approaches can be taken according to the specific aspect under study. 
Research into water resources can provide information on water quality or availability, whereas resources 
management, regulation, exploitation methods as well as the study of natural hazards involving water (water 
erosion, droughts or floods) are some of the main fields in engineering. In Spain, training in the water cycle and 
water resources at university level has been traditionally disparate with different disciplines focusing on their 
specific competencies and professional qualifications. Consequently, the water cycle can be studied from 
perspectives such as: (i) study of the surface water bodies, their use (water supply for population or agriculture) and 
water-related natural hazards and their impact on the population, (ii) evaluation and management of groundwater 
resources or, (iii) new water technologies such as water desalinization, wastewater treatment or waste-water reuse. 
The main aim of this paper is to summarize and review the main qualifications at university and professional levels 
related to water resources management in Spain. An analysis of the main consequences expected as a result of the 
Bologna process, the implementation of the European Higher Education Area (EHEA) and the new degrees being 
developed are also included. Finally, the impact of the new European Master and the need for co-operation and 
internationalization of Spanish universities in order to homogenise content and train professionals able to carry out a 
competent and interdisciplinary water cycle management is discussed. 
2. University studies related to the water cycle and water resources management in Spain 
 
Spanish universities offer different studies related to water science and technology. They are classified as 
technical (undergraduate) and higher (postgraduate) engineering studies (these are gradually disappearing in the 
Bologna process) as well as the current degrees and masters courses. With the EHEA implementation in Spain, 
university training is changing to a more homogenized undergraduate structure with eight semesters to obtain a 
degree, equivalent to the European bachelor degree, and containing 240 ECTS (European Credit Transfer System). 
The new degrees will use the professional competencies from the former undergraduate engineering (technical 
engineering) related to the specific field of study. In addition, it is also possible to complement the degree with new 
postgraduate schemes including: (i) official masters providing professional competencies and the chance to study a 
PhD programme or (ii) non-official masters providing training according to the academic and functional priorities of 
each university. Regarding official masters, they usually range from 60 to 120 ECTS. These masters allow the 
students to gain access to doctorate studies and their cost varies depending on the university. They provide specific 
competencies and professional qualifications by training the students to develop their activity in their selected field. 
These specialized competencies and qualifications are regulated by professional associations, which supervise the 
projects developed by professionals in their field in order to ensure high standards of safety and quality.  The non-
official masters (a university’s own degrees) do not provide either specific competencies or professional 
qualification, but specific training in a particular field. These masters are generally organized and endorsed by 
universities. They last one year (60 ECTS), and sometimes are more prestigious than the official ones due to the 
support offered by prominent research centres, laboratories, etc. associated with the organizing university. In Spain, 
the Master of Hydrology organized by CEDEX (Centro de Estudios y Experimentación de Obras Públicas) stands 
out among others. The main university studies related to water resources and the water cycle under evaluation in this 
paper are the following: (i) Civil Engineering, (ii) Mining Engineering, (iii) Agricultural Engineering, (iv) Forestry 
Engineering, (v) Environmental Science, and (vi) Geology. However, the large number of existing masters related to 
water resources (official and non-official ones) which provide general and specific training in this field makes it 
impossible to evaluate them all in this paper. These postgraduate studies are focused mainly on three specific areas: 
(i) water quality, treatment and purification, (ii) water importance in rural areas, and (iii) water resources and water 
cycle economy and management. However, some of these masters include content from more than one of the above 
areas, making them more interdisciplinary. Students enrolled on a masters (both official and non-official) must have 
previous specific training (scientific, technological, etc.) or professional experience in order to be able to take 
reasonable advantage of the postgraduate studies. For official masters, this previous knowledge or even previous 
enrolment in certain subjects is related to the content of the master and could be required by law as some of the 
masters provide qualifications for a regulated profession and students must demonstrate certain essential 
competencies. 
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3. Studies and professions related to water resources and water cycle 
 
In this section, the main qualifications related to water resources in Spain are briefly described, starting with 
Civil engineering, with competencies in planning, civil works and exploitation of the water resources (Figure 1). 
Civil engineering is probably the profession most related to the water cycle in urban areas from the point of view of 
infrastructures and management (ANECA, 2004b). 
Mining engineers, design surface and underground mines, supervise the construction of mine shafts and tunnels in 
underground operations, and devise methods for transporting minerals to processing plants. These studies also 
address the problems produced by groundwater on civil works and hydraulic infrastructures. Subjects included in 
this qualification are for example Hydraulic Works and Systems or Geological and Environmental Engineering, 
more related to natural hazards (ANECA, 2004a). 
 
                                    
Fig.1. Water reservoir in the Canary Islands 
 
The link between water resources and studies of Agricultural Engineering are mainly related to the water 
requirements of crops. This field addresses not only their quantification, but also the design and management of 
irrigation and drainage systems (agriculture is one of the main consumers of freshwater in the world). The study of 
soil water, water quality for irrigation, as well as the pollution of water supplies by agricultural and livestock activity 
are the most relevant issues addressed by this profession. This qualification includes subjects such as Hydrology, 
Irrigation and Drainage Systems, Hydrological Data Acquisition, as well as basic subjects like Hydraulics, a 
common subject amongst the qualifications reviewed in this paper (ANECA, 2005).  
Regarding water resources, the syllabus for the Forestry Engineering qualification includes basic training in 
hydraulics and hydrology linked to torrential episodes. Its scope includes natural areas such as woodlands. This 
qualification emphasizes the impact of water erosion on torrential catchments, including soil conservation measures. 
It also includes forest catchment management and river engineering, stressing management and restoration methods 
(ANECA, 2005) 
Environmental science syllabuses related to water resources focus on pollution of surface and subterranean water 
bodies and their management, as well as the assessment of the environmental impacts on this resource as a 
consequence of human activity, including preventive and remedial actions (ANECA, 2004d). As in the case of 
Mining Engineering, a Geology degree is noticeably linked to groundwater bodies, although geology syllabuses 
provide scientific training in order to perform resource prospections. Most universities have included subjects 
related to geological hazards in their syllabuses, with particular emphasis on hydrogeological risks (ANECA, 
2004c). 
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                Table 1: List of subjects and qualifications related to water resources 
Qualification  Subject ECTS  
Civil Engineering Hydraulics 
Hydrology 
Wastewater engineering 
Hydraulic work and exploitation 
Water supply to urban areas 
Water resources management 
42 
Mining Engineering Hydraulics 
Hydrogeology 
Exploration and prospection 
18 
Agricultural Engineering Hydraulics 
Hydrology 
Drainage 
Irrigation 
12 
Forestry Engineering Hydraulics 
Hydrology and soil conservation 
Catchment management 
18 
Environmental Science Hydrology and hydrogeology 
Water pollution 
Soil and water conservation 
18 
Geology, 
Geological Engineering 
Hydrology  
Hydrogeology 
Resource prospection 
18 
 
Some other qualifications such as Industrial Engineering or Chemical Engineering possess training and 
competencies related to water resources. These qualifications have become more relevant recently regarding the 
water cycle. Competencies included in the syllabuses of these qualifications comprise design of wastewater 
treatment infrastructures and water desalinization plants. In particular, they provide training related to the design of 
equipment and facilities. In addition, competencies in water pollution evaluation through the subject Environmental 
engineering (also called Environment and Sustainability in some universities) are also included. 
Obviously, from the economic and business point of view, qualifications related to economics can transversely 
complement the technical studies of water resources. In the case of the qualifications in Economics, the subject 
Economics of Natural Resources is included in some syllabuses providing complementary training to other more 
comprehensive training in water resources. 
4. Teaching methodology and competencies developed related to water cycle management in the European 
Higher Education Area 
 
In general, the teaching process of subjects related to water resources included in the syllabuses analyzed are 
developed using the following didactic methodology: (i) lectures, (ii) problem solving, (iii) seminars, (iv) fieldwork 
and, (v) final year project. Lectures aim to present the fundamental concepts related to the field as well as providing 
complementary information sources (references, notes, etc.) used by students to promote independent learning 
processes. The problem solving methodology seeks to work in a practical way the content of the subject from the 
lectures and is related to the water resources and water cycle. This problem solving process can be developed by 
traditional methods in a standard classroom or using the information and communication technologies (ICT) and 
specific software related to water resources. In this respect, there are a large number of available software programs 
in this field as for example HEC-RAS, MODFLOW, MIKE SHE, HYDRUS 2D/3D, CropWat or PMETp-w. The 
seminars are focussed on specific content, which help to improve students’ motivation in the technical applications 
of the subjects studied and professional activities. The fieldwork seeks to provide direct and practical training to 
students in the use of field devices and sets of instruments typical in water resources engineering (Menéndez-Pidal, 
2011). Regarding new teaching methodology, it should be noted that the educational model in higher education has 
changed over the last 10 years. Normal strategies and methods of teaching are being replaced by digital techniques 
that enable a better understanding of the complex issues that are covered in a Master of Engineering or Science. 
These techniques also provide on-line learning with a minimal presence of the teacher, who acts as an intermediary 
between the information and the student. Available tools cover a wide variety of approaches ranging from 
documentation repositories (with no interaction with the student), which represent 1.0 environments, to information 
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platforms that allow for more student-teacher interaction, such as forums, interactive multimedia, simulations, 
teachers’ blogs (Santamarta et al., 2012a). Open Course Ware (OCW) for self-learning should be the last step in the 
documentation generated by conventional courses and that has been reviewed and revised each year. The teacher 
should also select appropriate strategies, depending on the subject, which can be most beneficial to students. All this 
technology is available to achieve the 2.0 stage, a reality now, and public colleges and universities should adopt it so 
that they can adapt to a changing world (Santamarta et al., 2012b).  
5. Conclusions 
  
There are several approaches to the study of water resources, which require interdisciplinary training because the 
subject, itself, concerns different professional fields. In Spain, since the implementation of the EHEA (Bologna 
process), there has been a modification of the former qualifications in engineering to degrees in engineering and to 
other undergraduate courses such as Environmental Science or Geology. There are around seven qualifications 
directly related to water resources evaluation and management. Only five of these seven qualifications involve 
professional qualifications controlled by professional associations. Each syllabus includes competencies related to 
the scope of its specialty. Nevertheless, an excessive proliferation of 4-year degrees with different titles and the 
professional qualifications from the former technical engineering studies (first-cycle) are observed nowadays, and 
this can lead to confusion rather than clarity for prospective students. An additional issue detected through the 
analysis of the qualifications in Spain is that, although in the EU after the Bologna process second-cycle 
qualifications were put on the same level as European Masters, this does not occur for Spanish professionals when 
they go abroad. In Europe, qualifications needing 5 years of study or more than 300 ECTS credits are recognized as 
masters. However, after the introduction of the new high education scheme in Spain (degree, master and doctorate), 
former higher qualifications such as second-cycle graduates or engineers with 5 to 6 years of study and up to 380 
ECTS credits are put on the same level as degrees, qualifications which imply less training and considerably fewer 
credits. An additional point to note is the drop in the competitiveness of Spanish companies in the field of integrated 
water cycle management. When a Spanish company applies for an international tendering processes, its staff with 
second-cycle studies are considered, evaluated and marked as if they had only a degree level, which constantly and 
significantly reduces the chances of the Spanish companies compared to the foreign ones in international tenders 
(Pacheco, 2013). There are postgraduate programmes, which may complement the training obtained through the 
current degrees like official masters, which include the professional qualifications of the former second-cycle 
engineering. In Europe, there are Life Long Learning Programmes that meet the current requirements related to 
cooperation between countries and internationalization of Spanish universities. It is important to highlight the 
European Master in Climate Change and Restoration of Degraded Land modular programme – RECLAND. This is 
an innovative educational product based on recent research, which demonstrates the significant benefits of enhanced 
technological collaboration on climate change and degraded land web based applications. Innovative education and 
training materials are available and through these a significant impact is expected on staff and practitioners (Arraiza 
et al., 2012). This Master’s programme includes modules focused on water resources, which are entitled Water 
Management and Planning and Erosion and Hydrological Restoration. 
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